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© An antibiotic zeolite and an antibiotic resin oomposilion containing thereof are provided. The antibiotic zeolite 
is prepared by replacing all or a part of ion-exchangeabfe ions in zeolite witli ammonium ions and antibiotic 
metal ions such as silver, copper, zinc, mercury, tin, lead, bismuth, cadmium, ctiromium and thallium. The 
antibiotic resin composition comprises the antibiotic zeolite and a resin such as polyettiylene, polypropylene. 
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Antibiotic Zeoiite 



BACKQROUD OF THE INVENTION 

Reld of the Invention 

s 

The present invention relates to an antibiotic zeofite and an antibiotic resin composition containing the 
zeolite and more particularly to an antibiotic zeolite which does not cause discoloration with time. 



TO Descripfion of the Prior Art 

Heretoforsf, there have been known such inorganic antiblodcs as silver-supporting active carbon as 
disclosed In J^anese Patent Un-examlned PubiicaSon No. 49-61950 and such organic antibacterial or 
antifungus agents as N-(fluorodichloromethylthio)-phthalimide. 

IS However, in the fontier {inorganic antibiotics), sliver ions are rapidly teached out therefrom and, 
tlierefore, it is difficult to attain a sustained witlbiotic effect. 

On the other hand, among the latter (organic antibacterial or antifungus agents), some of them have no 
antibacterial effect depending on the kinds of bacteria or mold (in other words, these being inferior in 
general-purpose vnth respect to the kinds of bacteria or mold). Further even those having heat resistance 

20 sometimes cause decomposition or evaporation during kneading them into a resin at a temperature of 150 
to 300*0. This leads to the reduction of antibacterial effect 

For the purpose of eliminating the aforementioned disadv^tages associated with these conventional 
antibiotics, there have been developed so-calted antibiotic zeolites which comprise an antibiotic component 
supported on zeoiite (see, for Instance, Japanese Patent Published for Opposition No. 61-22977 and 

25 Japanese Patent Un-examlned Publication No. 60-1 81 002). 

The aforesaid antibiotic zeolite is certainly an excellent antibitic agent which exhibits a sustained 
antibiotic action when left to stand In water or in the air and does not cause change of properties during 
kneading it with a resin. However, such an antibiotic zeolite suffers from a disadvantage that It gradually 
causes discoloration in the course of time. This discoloration exerts no influence on the antibiotic effect of 

30 the antibiotte zeolite and, therefore, the antibiotic zeoiite is still an excellent antibiotic agent. However goods 
in which such an antibiotic zeolite is incorporated sometimes causes disooioration. This leads to remarkable 
reduction of Uielr commercial value depending on the kinds thereof. 

gs SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide an antibiotic zeolite which does not cause 
discoloration with time and which exhibits an excellent aitibiotic effect as high as that of the conventionai 
antibiotic zeolites. 

« Another object of the present invention is to provide an antibiotic resin composition comprising the 
antibiotic zeolite and a resin which does not cause discoloration with time. 

The present invention relates to an antibiotic zeolite in which all or a part of ion-exchangeable Ions in a 
zeoiite are replaced with antibiotic metal and ammonium ions. 

Further the present invention relates to an fflitibiotic resin composition comprising resin and an 
45 antibiotic zeolite In which all or a part of Ion-exchangeable ions in zeolite being replaced with antibiotic 
metal and ammonium Ions. 



BRIEF DESCRIPTION OF THE DRAWINGS 

SO 

Figs. 1 to 7 show color change with the passage of time of Samples of resins into which the antibiotic 
zeolites of the invention Is incorporated by kneading. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

Th8' present invention will hereunder be explained in more detail. 

In the antibiotic zeoiite of the present invention, eitlier natural zeolites or synthetic zeoiitss may be used 

s as "zeoiite" component. Zeolite is fn general alumtnosilicate having a three dimensional skeletal structure 
and represented by the generat tonmuta: XM2/nO-Al2 O3 -YSiOa .ZH2 O. in the general formula, M 
represents an ion-excharrgeable ion and in general a monovalent or divalent metal ion, n represents atomic 
valency of the (metal) ion, X and Y represent coeficients of metal oxide and silica respectively, and Z 
represents the number oi water of crystallization. Examples of such zeolites include A-type zeolites, X-type 

to zeolites, Y-type zeolites, T-type zeolites, high-silica zeolites, sodalite, mordenite, anafcite, cilnoptiiolite, 
chabazite and erionite. However, the present invention is not restricted to these specific examples. The ion- 
exchange opacities of these exemplified zeoiite are as follows: A-type zeolite = 7 meq/g; X-type zeolite = 
e.4 meq/g; Y-type zeoiite = 5 meq/g; T-type zeolite = 3.4 meq/g; sodalite = 11.5 msq/g; mordenite = 2,6 
meq/g; analcite * 5 meq/g; cilnoptiiolite = 2.6 meq/g; chabazite = 5 meq/g; and erionite = 3.8 meq/g. 

15 Thus, all the zeolites listed above have ion-exchange capacity sufficient to undergo ion-exchange with 
ammonium and antibiotic metal ions. 

In the. antibiotic zeolite of the present invention, ion-exdiangeable ions present in zeolite, such as 
sodium ions, calcium ions, potassium Ions and iron ions are completely or partially replaced with 
ammonium and antibiotic metal ions. Examples of the antibiotic metal ions include ions of silver, copper 

20 zinc, mercury, tin, lead, bismuth, cadmium, chromium and thallium. Preferably the antibiotic metal Ions are 
silver and copper or zinc ions. From the viewpoint of the antibiotic effect, in general the antibiotic metal ions 
are preferably contained in the zeolite in ttie range of from 0.1 to 15 % of the zeolite. In the present 
invenfion, it is preferable that the zeolite contains 0.1 to 15 % of silver ions and 0.1 to 8 % of copper or zinc 
ions. Although ammonium ion can be contained in the zeolite 20 % or less of the zeolite, it is desirable to 

as limit the content of ammonium ions in the zeolite to a range of from 0.5 to 15%, prerferably 1 .5 to 5% from 
the viewpoint of Imparting an excellent antibiotic action thereto. In this connection, the term "%" herein 
means "% by weight" on the basis of the weight dried at IIO^C. 

Methods for preparing the antibiotic zeolite according to the present invention will hereunder be 
explained. 

30 The antibiotic zeolite of the present invention may be obtained by bringing a zeolite into contact with a 
previously prepared aqueous mixed solution containing ammonium ions and antibiotic metal ions such as 
silver, copper artd zinc ions to cause ion-exchange between Ion-exchangeable ions in the zeolite and the 
aforesaid ions. The contact between these ions may be carried out according to a batch technique or a 
continuous technique (such as a column method) at a temperature of from 10 to 70'C, preferably from 40 

35 to 60 "C, for 3 to 24 hours, preferably 10 to 24 hours. In this respect, the pH value of the aqueous mixed 
solution is adjusted to 3 to 10, preferably 5 to 7 in view of preventing the silver oxide and the like from 
causing deposition on the surface of ttie zeolite or within the pores thereof. In addition, each of the ions are 
in general used in the form of a salt to prepare the aqueous mixed solution. For instance, there may be 
mentioned such an ammonium ion source as ammonium nitrate, ammonium sulfate and ammonium acetate; 

40 such a silver Ion source as silver nitrate , silver sulfate, silver perchlorate, silver acetate, diamine silver 
nitrate and diamine silver niti-ate; such a copper ion source as copper(ll) nitrate, copper sulfate, copper 
perchlorate, copper acetate, tetracyan copper potassium; such a zinc ion source as zinc(ll) nitrate, zinc 
sulfate, zinc perchlroate, zinc acetate and zinc thiocyanate; such a mercury ion source as mercury 
perchlorate. mercury nitrate and mercury acetate; such a tin ion source as tin sulfate; such a lead ion 

45 source as lead sulfate and lead nitrate: such a bismuth ion source as bismuth chloride and bismuth iodide; 
such a cadmium ion source as cadmium perchlorate, cadmium sulfate, cadmium nitrate and cadmium 
acetate; such a chromium ion source as chromium perchlorate, chromium sulfate, chromium ammonium 
sulfate and chromium acetate: and such a thallium ion source as thallium ion.source as thallium perchlorate, 
thallium sulfate, thallium nitrate and thallium acetate. 

50 The content of the ions such as ammonium ions in the zeolite may properly be controlled by adjusting 
the concentration of each ion species (or salt) in the aforesaid aqueous mixed solution. For example, if the 
antibiotic zeolite of the invention comprises ammonium and silver ions, the antibiotic zeolite having an 
ammonium ion content of 0.5 to 5% and a silver ion content of 0.1 to 5% can properly be obtainad by 
bringing a zeolite into contact with an aqueous mixed solution having an ammonium Ion concentration of 0.2 

56 M/l to 2.5 M/l and a silver ion concentration of 0.002 M/i to 0.16 M/\. Moreover, if the antibiotic zeolite further 
comprises copper ions and zinc ions, the antibiotic zeolite having a copper ion content of 0.1 to 8% and a 
zinc ion content of 0.1 to 8% can properly be obtained by employing an aqueous mixed solution containing 
0.1 M/l to 0.85 M/l of copper ions and 0.15 M/l to 1.2 M/l of zinc ions in addition to the aforementioned 
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amounts of arnmonium ions and silver ions. 

Atternattvely, tlie antibiotic zeolite according t& tlie present inventtoir may also be prepared by using 
separate aqueous, sofeitions eacli containmg single different ion species (or salt) and bringing a zeoiite into 
contact with eaefi solution one by one to cause ion-exciiange tlierebetween. The concentration of each ion 
5 species in a specific solution' can be determined in accordance with time concerrtrations of these ion species 
in the aforementioned aqueous mixed solution. 

After completion of the icn-exchange. the zeolite &ius treated is washed with water sufficiently followed 
by drying. The zeoiite is preiwably dried at a temperature of 105 to HS'C under normal pressure or at a 
temperature of 70 to 90'C under a reduced pressure (1 to 30 torr). 

70 The antibiotic properties of the antibiotic zeolite of the present invention thus prepared may be 
estimated by determining the minimum growth inhibitory concentration (IWIC) witii respect to a variety of 
general bacteria, eumycetes and yeast. 

in such a test, the bacteria listed below may be employed: 
Bacillus cereus var mycoides, ATCC 11778 

js Escherichia coii, IFO 3301 

Pseudomonas aeruginosa, IIDP-1 
Staphylococcus aureus, ATCC 6538P 
Streptococcus faecalis, RATCC 8043 
Aspergillus niger, IFO 4407 

20 Aureobasiduim pollulans, IFO 6353 
Chaetomium globosum, ATCC (6205 
Gllocladium virens, IFO 6355 
Penicillum funicuiosum, IFO 6345 
Candida albicans, IFO 1594 

25 Saccharomyces cerevisiae, IFO 1950 

The test for determining MIC can be carried out by smearing a solution containing bacteria for 
innocuiation to a plate culture medium to which a test sample of the antibiotic zeolite Is added in any 
concentration and then cuRurlng It The IMIC is defined as a minimum concentration thereof required for 
inhibiting the growth of each bacteria. 

30 According to the present invention, an antibiotic resin composition is provided. The resin composition 
comprises the aforementioned antibiotic zeolite and resin. 

Examples of the resin include a thermoplastic or thermosetting resin such as polyethylene, poly- 
propylene, polyvinyl chloride, ABS resin, nylons, polyesters, polyvinyiidene chloride, polyamides, polysty- 
rene, polyacetals, polyvinyl alcohol, polycartwnate, acrylic resins, fluoroplastics, polyurethane elastomer, 

35 phenolic resins, urea resins, melamine resins, unsaturated poly^ter resins, epoxy resins, ureOiane resins, 
rayon, cuprammonium rayon, acetates, triacetates, vinyiidene, natural or synthetic rubbers. 

The resin composition is prepared by incorporating the antibiotic zeolite into the resin by means of 
kneading It with the zeolite or coating the antibiotic zeolite on the surface of such a resin in order to impart 
antibiotic, antlfungus and anti-algal properties to each of these plastics. In order to provide antibacterial, 

40 antifungus and antialgal properties to a resin composition, the content of the antibiotic zeolite suitably 
ranges from 0.05 to 80 wt%. preferably 0.1 to SO wt%. MIC of the antibiotic resin composition can be 
detemnined by the similar method to thoes of the antibiotic zeolite per se. Further, from the viewpoint of 
prevention of substantial discoloration of a resin composition containing the antibiotic zeolite of the present 
Invention, ttie content of the antibiotic zeolite prefer^iy ranges from Q.l to 3 wt%. 

46 The antibiotic zeolite according to the present invention may be applied to a variety of fields. 

For example, in the field of water systems, the antibiotic zeolite of the present invention may be used 
as anti-algal agent In water cleaner, water of a cooling tour, and a variety of cooling water, or it may be 
used as an agent for prolonging Dfe of cut ftowers. 

In the field of paints, the antibiotic zeolite of the present invention can impart antibiotic, antifungus and 

50 anti-algal properties to coated films by directly mixing the zeolite with various l<inds of paints such as 
lyophilic paints, lacquer, vamlsh, and aikyi resin type, amtnoalkyd resin type, vinyl resin type, acrylic resin 
type, epoxy resin type, urethane resin type, water type, powder type, chlorinated rubber type, phenolic 
paints; or by coating the zeolite on the surface of the coated films. In the field of constoiction, the antibiotic 
zeolite of the invention may impart antibiotic, antifungus and anti-algal properties to various parts for 

ss construction such as materials for joirit and materials for wall and tile by admixing Hhe zeolite with materials 
for parts for construction or applying the zeolite to tine surface of such a material for construction. 

In the field of paper making, the antibiotic zeolite of the invention may be incorporated into various 
paper mataials such as wet tissue paper, paper packaging matsrials,corrugated boards, a sheet of paper, 
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paper for maintaining fresliness by papermakrng from a material therefor together with the zeolite: or by 
coatings the resultant paper with ft© zeolite for the purpose of imparting antibiotic and antifungus properties 
to these- paper. Moreover, in the field of the papermaldng, the artibiotic zsoFite may aiso serve in particuiar 
as a siime controlling agent. 

The antibiotic zeolite acxording to the present invention may be used in any fields in whicli the 
development and proliferation of microorganisms such as general bacteria, eumycetes and algae must be 
suppressed, in addition to the foregoing fields. 

The present invention will hereunder be explained in more detail with reference to the following non- 
fimit^e working examples. 



Bcample 1 (IWethod for preparing antibiotic zeolites) 

In this Example, th© following 11 kinds of zeolites were used: A-type zeolite (Nas. 0-AI2 O3 - 
1.9SiOi -XHz 0; average particle size = 1.5 microns); X-type zeolite (Naa. O-AI2. O3 -2,3Si02 - 
XH2 0; average particle size = 2.5 microns); Y-type zeolite (1.1 Naa O-AI2 O3 -4Si02. -XHa 0; 
average particle size = 0.7 microns); natural mordenlte (150 to 250 mesh): natural clinoptllollte (150 to 250 
mesh); chabazite (150 to 250 mesh); erionite (150 to 250 mesh); T-type zeofite (2 microns); high-silica 
zeolite (5 microns); sadalite (2 microns): and analcite. As the source of each ion species required for ion- 
exchange, four kinds of salts: NH4. NO3 . AgNO^ , Cu(N03 )2, . Zn(N03 )2 ■ Hg(N03 )q , Sn- 
(NOa )2 ,Pb(N03 )2 ,Cd(N03 )2. and Cr(Np3 )^ were used. 

Tables !-1 and 1-2 show the details of the kinds of zeolite, the kinds of salts and their concentration in a 
mixed aqueous solution used to prepare Samples. Thus, 32 Samples of antibiotic zeolites were obtained. 

Each Sample was prepared as follows: 1 kg of each zeolite powder which had been dried under heating 
at IIO'C was added to water to form 1.3 liters of slurry, then the slurry was stirred to degasify, proper 
amounts of 0,5 N nitric acid solution and water were added thereto to adjust the pH to 5 to 7 and to thus 
obtain a slurry of a total volume of 1.8 liters. Thereafter, ion-exchange was cwried out by adding, to the 
slurry, 3 liters of a mixed aqueous solution containing desired salts each present in a desired amount to 
obtain a slurry having a total volume of 4.8 liters and maintaining the slurry at a temperature of 40 to 60'C 
for 10 to 24 hours while stirring to hold the siuny at an equilibrium state. After the Ion-exchange was 
finished, the zeolite phase was filtered off followed by washing with water until almost no excess silver, 
copper or zinc ions remained in the zeolite phase. Then, Samples thus prepared were dried under heating 
at 110'C and thus 32 Samples of the antibiotic zeolites were obtained. The data observed on these 
antibiotic zeolite Samples No. 1 to No. 32 are summarized in Tables M and 1-2. 

Samples 33 and 34 were prepared as follows: 1 kg of A-type zeolite powder which had been dried 
under heating at 110°C was added to absolute sthanol to form 1.3 liters of slurry and the resulting sluny 
was stirred to degasify. Then G.l N of bismuth chloride in ethanol solution was added to the slurry to cany 
out ion-exchange and then stirred the slurry to hold the slurry at an equilibrium state. After the ion-exchange 
was finished, the zeolite phase was filtered off followed by washing with ethanol until almost no excess 
bismuth ions remained in the zeolite phase. Then, the resulting zeolite was dried to obtain Samples 33 and 
34 of the antibiotic zeolite. The data observed on these arttibioac zeolite are summaried in Table 1-2. 
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5. - Table 1-1 

Sample Kind of Content in the zeolite (%) Yield(g) 



10 


No. 
1 


zeolite' 
h 


SH4 
1.0 


Aa 
5.0 


Cu 


Zn 


960 




2 


A 


1.0 


0.5 






955 


15. 


3 


A 


1 .0 


0,05 






958 




4 


A 


0.5 


3.0 


5.0 




945 


SO 


5 
6 


X 
X 


0.5 
0.5 


5.0 
5.0 


5.0 
8.0 




940 
943 




7 




1.0 


5.0 




2.5 


91 0 


26 


8 


A 


1.0 


5.0 




5.0 


906 




9 


y 


1 .0 


5.0 




8.0 


908 


30 


10 


Mordenite 


3.0 


0.5 


0.1 




855 




IT 


ditto 


3.0 


0,5 


0.25 




861 




12 


ditto 


3.0 


0.5 


0.5 




863 


36 


1 3 


Clinoptilolite 


0,8 


0.5 




0.1 


900 




14 


ditto 


0.8 


0.5 




0.25 


89.5 


40 


15 


ditto 


0.8 


0.5 




0.40 


901 




1 o 


Chabazite 


3.0 


0.05 


0. 025 




880 




17 


ditto 


3.0 


0.05 


0.05 




893 


46 


18 


ditto 


3.0 


0.05 


0.10 




885 




1 9 


Erionite 


0.8 


0.05 




0.025 


805 


SO 


20 


ditto 


0.8 


0.05 




0.05 


811 




21 


ditto 


0.8 


0.05 




0.1 


808 




22 


A 


1 .0 


2.0 


2.0 


2.0 


960 



65 



6 
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6 -Table 1-2 (continued) 

Sample Composition of mixed aq. solution (M/l) Solution lon-E 



10 


No. 


NH4NO3 


AgN03 


Cu(N03)2 


Zn(N03)2 pH 


time 


1 


"1.5 


0.05 




— 


6.1 


lOhr 




2 


1.5 


0.015 


— 


— 


5.0 


15hr 


IS 


3 


1 .5 


0.0015 


— _ 


— 


7.0 


20hr 




4 


1 .2 


0.10 


0.35 


— 


7.0 


12hr 




5 


1 .2 


0.15 


0.35 


— 


6.2 


15hr 


20 


















6 ■ 


1 .2 


0.15 


0.80 


— 


5.3 


18hr 




7 


3.1 


0.15 


— — 


0,18 


5.5 


IShr 


SS 


8 


3.1 


0.15 





0.40 


6.5 


lOhr 




9 


3.1 


0.15 


_ _ 


1 .00 


7,0 


24hr 


30 


10 


2.0 


0.015 


0.16 


— 


7.0 


lOhr 




11 


2.0 


0.015 


0.50 


— 


6.8 


15hr 




12 


2.0 


0.015 


0.85 


— 


5.7 


20hr 


35 


13 


1 .25 


0.015 




0.30 


6,3 


24hr 




1 4 


1 .25 


0.015 


•mm — 


0.60 . 


5.1 


18hr 


40 


15 


1 .25 


0.015 




1 .20 


5.8 


12hr 




16 


2.0 


0.002 


0.10 




7.0 


1 2hr 




17 


2.0 


0.002 


0.20 




6.9 


12hr 


45 


18 


2.0 


0.002 


0.45 




5.7 


12hr 




19 


1 .25 


0.002 




0.15 


5.3 


15hr 


SO 


20 


1 .25 


0.002 




0.40 


5.8 


15hr 




21 


1.25 


0.002 




1 .00 


6.0 


15hr 




22 


3.1 


0.068 


0.25 


0.30 


6.0 


12hr 



55 
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6 



TO 



Table 1-2 

Sample Kind of Content in the zeolite {%) Yield (g) 



20 


NO* 


zeoiice 




Ag 


metal 






23 


A 


1 .0 


2.8 


3.2 (Hg) 


91 0 




24 


A 


1 .1 


2.9 


3.0 (Sn) 


930 


2S 


25 


A 


0.8 


2.7 


4.1 (Pb) 


950 




26 


A 


0.7 


2.8 


4.6 (Cd) 


940 


30 


27 


A 


0.6 


2.6 


4.3 (Cr) 


920 




28 


A 


0.7 


2.5 


2.5 (Cr) 


890 




29 


T 


0.7 


3.8 




950 


36 


30 


high-silica 


0.6 


2.1 




960 




31 


sodalite 


1 .4 


3.2 




950 


40 


32 


analcite 


1 .3 


3.1 




970 




33 


A 


0.4 




1.9 - 


950 




34 


A 


0.4 




2.8 


930 



4B 



BO 



SS 
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Table 1-2 


(continued) 






B 




Composition of mixed aq. 


solution (M /I) 


Slurry 


lon-E: 








AgN03 Nitrate of metal 


PH 


time 


m 


23 


1 .2 


0.10 


0 30 


7.0 


24hr 




OA 
At 


1 .2 


0 10 




4,5 


24hr 






1 .2 


0.10 




6.4 


24hr 


15 


Id 
40 


1 .2 


0.10 




5.8 


24hr 




4 / 


1 .2 


0.10 


0.5 


5.7 


24hr 


SO 


O 


1 .2 


0.10 


0.20 


5.1 


24hr 






1 e 
1 . 3 


0.15 




6.4 


24hr 






1 .5 


0.30 




6.7 


24hr 


S5 


31 


1.2 


0.10 




6.1 


24hr 




32 


1 .2 


0.10 




6.2 


24hr 


30 


33 


0.3 




0.1 (BiCl) 




24hr 




34 


0.3 




0.4 (BiCl) 




24hr 



36 Example 2 (Test on Antibiotic Action) 

The antibiotic action was estimatsd as follows: 

The antibiotic action was determined on the following three strains: Aspergillus niger IFO 4407 (mold); 
Candida aJbicans IFO 1594 (yeast); and Pseudomonas aeruginosa IID P-1 (general bacteria). 

40 As culture medium for proliferation of microorganisms, Mueller-Hinton Broth (Difco) for bacteria; Poteto 
Dextrose Agar Medium (Saltae Lab.) for mold; and Yeast Morphology Agar (Difco) for yeast were used. On 
the other hand, as medium for determining sensitivity, IWueiler-Hinton Medium (Difco) for bacteria and 
Saburo Agar Medium (Sai<ae Lab.) for mold and yeast were used. 

Plates for measuring sensitivity were prepared according in the following manner: 

45 Each Sample was stepwise diluted with sterilized purified water to prepare a number of suspensions 
having different dilutions, each suspension thus prepared was added to the medium for measuring 
sensitivity, the temperature of which was raised up to temperature of 50 to 60° C after dissolution, in an 
amount of 1/9 times volumes of the medium followed by sufficiently mixing, dispensing the product into 
petri dishes and solidifying the medium to form such plates for measuring sensitivity. 

50 Bacteria solutions for inoculation were prepared as fellows: 

For bacteria: in this case, the bacteria solution was prepared by inoculating a test strain which had been 
subcultured on a medium for proliferation of bacteria, cuituring it and diluting the medium with the same 
medium for proliferation of bacteria so that the number of bacterial cells vyas equal to 10* /ml. 
For mold: The bacteria solution for proliferation of mold was prepared by inoculating a test strain which had 

55 been subcuitured to a medium for proliferation of mold, cuituring it and floating the resulting conidium on a 
sterilized solution of 0.05% poiysorbate 80 so IJiat the number of microorganisms was equal to 10^ /ml. 
For yeast: The solution for inoculation was prepared by inoculating a test strain which had been subcultured 
on a meduim for proliferation of yeast, cuituring it and floating the resulting cells of yeast on a sterilized 



9 



0 270 129 



physiologic saline so that the numlaer of yeast cells was equal to 10^ /ml. 
Cuture of each microorganism was carried ouf 'm the folEowing manner; 

The bacteria soiutlort for inocutatton was smeared on the plate for measuring sensitivity in the form of a 
line of 2 cm long with a foop- of nfchrome wire (inner diameter = about 1 mm) followed by culturing it at 
5 ST'C for tS to 20 hours for bacteria, at 25»C for 7 days for mold. After culturing these for a desired time, 
the minimijm growth tnhfbifory concentration (MIC) was determined as the concentration at which the 
growth of microorganisms was completely inhibited. 

The results observed are summarized in Table II. In Table II, Sample No. 35 is a commertially available 
silvw-«iipporting active carbon (supporting 1.4% Ag); and Sample No. 36 Is a commercially availalbe sllver- 
rt supporting active carbon (supporting 0,6% Ag). 

Moreover, Sample No. 37 is one for thermal resistance test, which was obtained by heating Sample No. 
22 prepared in Example 1 at 350°C for 3 hours in an electric furnace. 

Sample No. 38 fs one containing 3% of Ag and 5% of 2n obtained by subjecting an A-type zeolite to 
ion-exchange treatment. Sample No.39 is erne containing 2% of Ag aid 10% of Zn obtained by subjecting 
T5 an A-type zeolite to iofv-exchangs treatment. Samples Nos.38 and 39 did not comprise ammonium ions al 
all. 
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Table II 

Sample strains Tested 

No. Pseudomonas Aspergillus Candida 

aeruginosa" niger albicans 





XID P-1 


IFO 4407 


IFO 1594 


1 


62.5 


500 


250 


*) 

L 


2000 


2000 


2000 




250 


250 


250 


5 


250 


250 


250 


D 


1 25 


250 


250 


1 


•lie 

1 25 


500 


250 


a 
o 


1 25 


500 


250 


Q 

y 


1 25 


250 


250 


1 n 


1 000 


2000 


2000 


1 1 
1 1 


O A A 

2u00 


2000 


2000 


t z 


1 AAA 

2000 


2000 


2000 


1 J 


1 000 


2000 


2000 


1 A 

1 4 


^ rt 1% 

2000 


2000 


2000 


1 3 


■1 A A A 

1 000 


2000 


• ■ ■ .. 2000 ■ 


£^ 


•IIP 

1 25 


500 


250 


23 


62.5 


125 


125 


24 


1 000 


1000 


2000 


25 


1 000 


>2000 


1000 


26 


500 


1000 


500 


27 


1000 


>2000 


2000 


28 


125 


250 


62. i 


33 


2000 


2000 


500 


35 


1000 


2000 


2000 


36 


1000 


2000 


2000 
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Table II (continued) 



Sample 
No, 


IID P-l 


IFO 4407 


IFO 1594 


37 


125 


1000 


250 


38 


125 


1000 


500 


39^ . 


125 


1000 


250 



Example 3 (Antl-algal Test) 

Three aqueous solutions were prepared by adding 1 liter eacli of water to cylindrical 2-liter volume of 
containers of glass and tiien adding a desired amount of each Sample thereto to fomt a solution containing 
2 g of Sample No. 1, a solution containing 2 g of Sample No. 4 and an aqueous solution free from Samples 
(blank). These solutions were left to stand for 4 months and were visually observed on wliether algae was 
developed or not. In order to prevent from lowering, the water level due to the evaporation, water was 
properly replenished to each container. The results thus observed are summarized in Table III below. 



Table III 

Time elapsed No. 1 No. 4 Blank 
(days) 

0 _ , 

15 - - mold was develolped in soma 

degree at water surface and 
the container Burface - 

30 - - mold was developed on all 

the container suface below 
the water level 

45 _ _ mold was also developed in 

water 

60 - - 

90 - - 

120 - - 

-: Development of mold was not observed; 
Sample No, 1: A-type; NH4 1.0%; Ag 5.0% 
Sample No, 4: A-type; NH4 0.5%; Ag 3.0%; Cu 5.0% 
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TO 



75 



20 



25 



Example 4 (Test on the Amount of silver ions Leached Out) 

Sample No. 1 (in the form of pellets of 1/8 and 1/16) was charged in a column of pyrex in an amount of 
8,1 g and then tap water was passed therethrough and water sampies were coftected at a time when 10, 50, 
100 or 200 liters of water was passed through the column to determine the concentration of silver ions in 
each water sample. Such procedures were repeated 3 times. The results obtained are listed in Table IV 
given tjelow. 

Table IV 



Exper intents 


10 


50 


100 200 


1 


3 


2 


2 1 


2 


2 


2 


1 1 


3 


3 


2 


1 1 


Average 


2.7 


2 


1 .3 1 


*: The 


amount of 


silver ions 


are expressed as 



30 



Sample No,1 ; A-type zeolite; NH4 1.0%; Ag 5.0% 
Column Used: 20mm (ID) x 100mm 
Row Rate: 100 ml/ml n 
Temperature: Room Temperature 

It was confirmed that the amount of silver ions dissolved in running water was quite low. 



Example 5 (Test on Discoloration) 

Sampies of antibiotic zeolite which had been dried under heating were added to a resin by itneading in 
an amount of 1 % by weight and the resultant products were injection-molded (residence time » 2 mln) to 
form Samples (size of pieces = 7,3 cm x 4.4 cm x 2 mm). The resultant Samples were exposed to 
sunlight in the air. The color of Samples was determined by placing each Sample on a white Kent paper 
(L"a*b': 93.1; -0.7; -0.5) with Minolta color-color difference meter CR-100 (using 0^5 rays; see Table VI). 
In this connection, the color of the antibiotic zeolite per se was determined by pacl<ing each zeolite In a 
petri dish of glass (diameter = 150 mm) while vibrating the petri dish so that the height thereof in the dish 
was 2 cm (the results obtained were listed in Table V). Those results are expressed in accordance with 
L*a*b- colorimetric system (GIF 1976). In addition, the results on L' in Table VI are shown in the attached 
Figs. 1 to 7. 



(Sampies of antibiotic zeolites) No. 4: A-type; NH4 0.5%; Ag 3.0%; Cu 5.0% 

No, 38: A-type; Ag 3.0%; Cu 5.0% 

No. 8: A-type; NH 4. 1 .0%; Ag 5.0%; 2n 5.0% 

No, 39: A-type; Ag 2.0%; Zn 10.0% 



55 
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Ipesms) Nylon: Novamid tOIOJ (manufeotured and sold by MITSUBISHI CHEMICAL INDUSTRIES LTD.) 

Polypropylene: J-T09S (manufactured and sold by Ubs Chemical Industries, Ltd.) 

Low Density: Suntec F-TS20 {manufactured and sold by Asahi Polyettiyisne Chemicai Industry Co., Ltd.) 

High Density: Suntec HDS-360 (manufacliired and sold by Asaht Polyethylene Industry Co.. Lid.) 

Polystyrene: GH 9600 (manufactured and sold by DAINIPPON INK AND CHEMICALS, INC.) 

ABS Resin: OTR-tO (manufactured and sold by OENKl KAGAKU KOQYO KABUSHIKI KAISHA) 

Vinyl Ctilorfde: B-^050F2 (manufactared and sold by DENKl KAGAKU KOGYO KABUSHIKI KAISHA) 



(Added DOP 60 Parts) 
Table V 



Antibiotic Zeolite 


L* 


* 

a 


1 


NO. 4 


90.9 


-7,3 


-7.2 


No. 38 


91 .1 


-8.0 


-4.7 


No. 8 


97.3 


-1.6 


-1.8 


No. 39 


95.5 


-1.8 


-5.2 



*: Each Sample was previously dried under heating at 110°c. 
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Table VI 





Heating 




Inj ection- 


T * 

L a 


* , ★ 
b 






Conditions 


Moiuing 


0 day 








Before 




Temp. 








Kneading 


(degree C) 










Temp. 


Time 












(deg. C) 


(hr.) 










(nylon) 














No.4 


280 


3 


280 


64 . 8 


-9.5 


-6.8 


No, 38 


280 


3 


280 


60.0 


0.7 


18.6 


No. 8 


280 


3 


280 


81 .9 


-2.5 


10.0 


No. 39 


280 


3 


280 


53.2 


3.8 


22.7 


blank 






.280 


78.2 


-0.5 


3,2 


{ polypropylene ) 












No.4 


260 


3 


260 


64.5 


-10.5 


0.2 


No. 38 


260 


3 


260 


48 . 3 


2 . 5 


28. 6 


No. 8 


260 


3 


260 


58 , 3 


-0 . 8 


7.2 


No. 39 


260 


3 


260 


63.8 


-0.7 


18.1 


blank 






260 


77.6 


-0.4 


3.2 


(low density polyethylene) 










No.4 


220 


3 


220 


55.9 


- 6.3 


-8.2 


No. 38 


220 


3 


220 


64.4 


-7.9 


11.4 


No. 8 


220 


3 


220 


73 . 3 


-3 . 0 


7.4 


No. 39 


220 


3 


220 


63.8 


-0 . 6 


17.9 


blank 






220 


70,7 


-1 .1 


3,3 


(high density polyethylene) 








No.4 


240 


3 


240 


70.9 


- 6.1 


-6.7 


No. 38 


240 


3 


240 


66.5 


-7.1 


10.9 


No. 8 


240 


3 


240 


81 ,6 


-0.2 


5.5 


No. 39 


240 


3 


240 


68. 6 


■ -0.5 


13.8 


blank 






240 


78.5 


-1 .6 


-3.1 


(polystyrene) 












No.4 


230 


3 


230 


72.7 


- 9.9 


1 .1 


No. 38 


230 


3 


230 


68.6 


-5.0 


16.2 


No. 8 


230 


3 


230 


61 . 6 


-2.6 


11.1 


No. 39 


230 


3 


230 


66.8 


-1 .5 


1 1 .3 


blank 






230 


85.9 


-2.0 


-3.4 


(ABS resin) 












No.4 


250 


3 


250 


61.8 


- 3.8 


1 . 5 


No. 38 


250 


3 


250 


48.1 


-0.3 


2.0 


No. 8 


250 


3 


250 


69 . 9 


-1 . 9 


13.4 


No. 39 


250 


3 


250 






i ,3 


blank 






250 


81 .0 


-4,2 


12.3 


(vinyl chloride) 












No.4 


180 


3 


180 


66.9 


- 7.9 


-1.2 


No. 38 


180 


3 


180 


68.5 


-7.5 


-0.8 


No, 8 


.180 


3 


180 


73.4 


-2.4 


7.3 


No. 39 


180 


3 


180 


72.0 


-2.2 


6.5 


blank 






180 


74.5 


0.2 


4.1 
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Table VI f continued) 
Sample l* a* b* 

No. to days 30 days 60 days 



(nylon) 




















No. 4 


64.8 


-9.4 


-5.5 


63.0 


-9.3 


-4.0 


61 .2 


-9.3 


-2.1 


No. 38 


52.0 


2.4 


19.8 


48.9 


2.7 


20.7 


45.2 


3.2 


21 .1 


No. 8 


81 .6 


-2.4 


10.5 


81 .0 


-2.2 


11.1 


80.0 


-2.0 


12.0 


No. 39 


48.3 


4.4 


23.1 


40.2 


4.9 


24.8 


37.2 


5.1 


25.5 


blank 


75. T 


0.1 


4.2 


72.6 


0.2 


6.5 


72.3 


0.2 


6.7 



( polypropylene). 



No. 4 


64.0 


-9.8 


1.5 


63.5 


-8.6 


4.3 


61 


.7 


-6.4 


8.7 


No. 38 


44.0 


3.0 


29.5 


41 .2 


3,6 


30.7 


39 


.1 


3.8 


31 .1 


No. 8 


67.6 


-0.7 


S.9 


66.4 


-0.7 


11.5 


66 


.2 


-0.7 


12.1 


No. 39 


56.0 


1.5 


19.4 


52.4 


2.1 


20.0 


51 


.7 


2.6 


20.5 


blank 


74.7 


0.1 


4.5 


73.5 


0.4 


4.7 


73 


.0 


0.5 


5.1 



(low density polyethylene) 



No. 4 


64.9 -6.3 


-5.3 


63.8 


-6.3 


-2.9 


63. 


2 


-6.3 


-2.2 


No. 38 


52.8 -3.3 


14.5 


48.6 


-1 .8 


16.3 


46. 


0 


0.2 


18,5 


No. 8 


71.9 -4.5 


13.1 


71 .0 


-5.0 


15.9 


70. 


6 


-5.1 


18.0 


No. 39 


59.4 1.5 


18.8 


54.6 


2.2 


19.6 


52. 


4 


2.4 


20.4 


blank 


68.6 1.8 


4.6 


68.0 


2.2 


6.0 


67. 


7 


2.5 


7.1 


ligh density polyethylene) 
















No. 4 


68.0 -5.1 


-3.8 


67.2 


-6.1 


-2.4 


66. 


5 


-6.0 


-2.0 


No- 38 


55.0 -2.9 


13.9 


50.5 


-1 .5 


15.5 


48. 


2 


0.2 


17.7 


No. 8 


80.1 -0.3 


8.8 


79.2 


-0.3 


11.5 


78. 


7 


-0.3 


12.9 


No. 39 


61.2 1.0 


15.7 


57.2 


2.0 


17.6 


55. 


6 


2.6 


18.1 


blank 


74.0 1,2 


1.2 


73.1 


1.8 


2.9 


72. 


8 


2.2 


3.5 



(polystyrene) 



No. 4 


71 .4 


-9.5 


0 


70.8 


-8.9 


-0.7. 


• 69.6 


-8.6 


-1 .3 


No. 38 


58.3 


-3.3 


8.2 


54.5 


-1.3 


4.8 


51 .7 


0 


1 .5 


No. 8 


75.7 


-1.3 


13.4 


70.5 


-0.9 


14.9 


68.6 


-0.6 


15.2 


No. 39 


55.9 


-0.2 


10.5 


50.3 


0.8 


9.4 


47.7 


1.0 


9.0 


blank 


80.9 


0 


-1.2 


79.9 


0-7 


1 .5 


78.6 


1.1 


2.5 



(ABS resin) 



No. 4 


56.7 


-2.4 


2.9 


52.2 


-1 .8 


4.9 


49.5 


-1.6 


5.1 


No. 38 


46.4 


-0.1 


3.1 


45.9 


0 


4.4 


45.3 


0 


4.7 


No. 8 


63.5 


1 .0 


12.9 


60.5 


-0.8 


10.2 


59.6 


-0.7 


8.4 


No, 39 


40.6 


0.4 


3.5 


38.1 


0.5 


3.5 ■ 


37.5 


0.6 


3.4 


blank 


78.3 


-2.5 


13.8 


78,0 


-0.4 


14.2 


77.0 


-0.2 


14.5 



(vinyl chloride) 



No. 4 


64.7 


-6.6 


1.2 


62.3 


-5.7 


4.6 


60.8 


-5.1 


8.7 


No. 38 


36.3 


-0.1 


4.2 


33.5 


0.7 


10.5 


30.1 


1 .2 


15.3 


No. 8 


63.1 


0 


15.5 


55.1 


2.3 


21 .1 


53.1 


4.1 


25.5 


No. 39 


47.0 


4.7 


20.6 


36.1 


5.2 


25.5 


28.6 


8.5 


35.0 


blank 


65.9 


0,9 


6.1 


63.2 


1.7 


9.2 


62.8 


2.8 


12.1 
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Effects of the Invsntlon 

The antibiotic zeoiits according to the present Invention exhibits an antibiotic action as good as that of 
me ronventional antibiotic zeoite and sxtremeiy low change in color as compared with that of the 
conventional product. Therefore, the antibiotic zeolite of the invention is greatly improved in its properties. 
Moreover, the annount of silver leached out therefrom is also very low compared with the conventional ones 
due to the prssmce of ammonium Ions. 



Claims 

1. An antibiotic zeolite in which all or a part of ion-exchangeabte ions in zeoHte are replaced with 
antibiotic metal and ammonium ions. 

2. An antibiotic zeolite according to claim 1 wherein the antibiotic metal ions are at least one ion of 
mstals selected from the group consiting of silver, copper, zinc, mercury, tin, lead, bismuth, cadmium, 
chromium and thallium. 

3. An antibiotic zeolite according to clam 2 wherein the antibiotic metal ions are silver and copper or 
zinc ions. 

4. An antibiotic zeolite according to anyone of claims 1 to 3 wherein the zeolite is a natural zeolite or a 

synthetic zeolite 

5. An antibiotic zeolite according to any one of claims 1 to 4 wherein the zeolite is selected from the 
group consisting of A-type zeolites, X-type zeolites, Y-type zeolites. T^ype zeolites, high-silica zeolites, 
dodalite, mordenlte, analcite, clinoptilolite, chabazite and erionite. 

e. An antibiotic zeolite according to any one of claims 1 to 5 wherein the ammonium ion is contained in 
the zeolite in the range of from 0.5 to 1 5 wt%. 

7. An antibiotic zeolite accoding to claim 6 wherein the ammonium ion is contained in the zeolite in the 
range of from 1.5 to 5 wt%. 

8. An antibiotic zeolite according to any one of claims 3 to 7 wherein the content of the silver ion ranges 
from 0.1 to 15 wt%, the content of copper ranges from 0.1 to 8 wt% and the content of zinc ranges from 
0.1 to 8 wt%. 

9. An antibiotic resin composition comprising resin and an antibiotic zeolite in which all or a part of ion- 
exchangeable ions in zeolite being replaced wfth antibiotic metal and ammonium ions. 

10. An antibiotic resin composition according to claim 9 wherein the resin is at least one member 
selected from the group consisting of polyethylene, polypropylene, polyvinyl chtoride, ABS resin, nylons, 
polyesters, polyvinylidene chloride, polyamides, polystyrene, polyacetals, polyvinyl alcohol, polycarisonate. 
acrylic resins, fluoroplastics, polyurethane elastomer, phenolic resins, urea resins, melamine resins, unsatu- 
rated polyester resins, epoxy resins, urethane resins, rayon, cuprammonium rayon, acetates, triacetates, 
vinylidene, natural or syntiietic rublaers. 

11. An antibiotic resin composition according to claim 9 or 10 wherein the content of the antibiotic 
zeolite ranges from 0.05 to 80 wt%. 

12. An antibiotic resin composition according to claim 11 wherein the content of the antibiotic zeolite 
ranges from 0.1 to 80 wt%. 

13. An antibiotic resin composition according to claim 12 wherein the content of me antibiotic zeolite 
ranges from 0.1 to 3 wt%. 

14. An antibiotic resin composition according to any one of claims 9 to 13 wherein the antibiotic metal 
Ions are at least Ion of metals selected from the group consisting of silver, copper, zinc, mercury, tin, lead, 
bismuth, cadmium, chromium and thallium. 

15. An antibiotic resin composition according to claim 14 wherein the antibiotic metal ions are silver and 
copper or zinc. 

18. An antibiotic resin composition according to any one of claims 9 to 15 wherein the ammonium ion is 
contained in the zeolite in the range of from 0.5 to 15 wt%. 

17. An antibiotic resin composition according to claim 15 or 16 wherein the content of silver ion ranges 
from 0.1 to 15 wt%, the content of copper ranges from 0.1 to 8 wt% and the content of zinc ranges from 
0.1 to 8 wt%. 
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